We investigated the dielectric and mechanical properties of ceramic polymer composite xBNT -(1-x)LCP (x= 0, 10, 20, 30, 40 vol.%). The disk shaped BNT (BaNd2Ti4O12) -LCP (liquid crystal polymer) composite samples were prepared by compression molding method. With increasing the BNT content in composites from 10 to 40 vol.%, the dielectric constant increased but the dielectric loss as well as bending strength of composites reduced. These composites were well described with modified Lichtenecker's model having k = 0.392 and 0.303 for the first and second ball milled BNT filled composites, which means that the BNT filler in composites are well dispersed. The dielectric constant of the composite comprised of the second milled BNT (D50 = 1.39 um) was higher that of the composite of the first milled BNT (D50= 2.45 um), which seems to be related with the different particle size and dispersion of BNT fillers in LCP matrix. The bending strength of the composite containing the second milled BNT was superior to that of the composite of the first milled BNT.
INTRODUCTION
The substrate has been developed for several applications such as antenna, embedded capacitor and RF module [1] [2] [3] . In view of the technical trend of mobile devices, it is necessary that the substrate material has a high dielectric constant and low dielectric loss as well as mechanical strength for the miniaturization, high frequency and reliability of electrical devices. One of the challenges in reducing the size of any wireless communication device is the issue of antenna miniaturization. One of the most common techniques is the loading of the antenna volume with high permittivity dielectrics to decrease the physical dimensions of the radiator. Since ceramic-polymer composite has a relatively high dielectric constant and low loss in comparison with polymer, composite can be used for miniaturization of antenna. Moreover, it is light weight, low cost and can be easily fabricated in various shapes such as sheets, 3D structure using injection molding, lamination or extrusion at elevated temperature.
In this regard, ceramic polymer composites have received considerable attention as a substrate material.
Ceramic-polymer compositeconsists of a three-dimensionally connected polymer matrix loaded with ceramic fillers. The overall properties of composite are dependent on the various factors such as the morphology (particle size, shape, etc), [11, 12] . However, the research has mainly concentrated on epoxy-ceramic composites [4] [5] [6] [7] , theromset polymer based composite such as polyimide [8] as well as composite including BaTiO3 [9, 10] .
There are some studies concerning the effect of filler size and loading content on the microstructure and dielectric properties [13] [14] [15] 
RESULTS AND DISCUSSION
The dielectric and mechanical properties of the ceramic polymer composites are significantly affected by the morphology and amount of loading of ceramic filler in the composites. For a higher relative permittivity, higher loadings of dielectric filler are required and higher loading can give rise to the increase of viscosity as well as poor particle dispersion in a polymer matrix.
Therefore, It is important to select the adequate ceramic filler for composites and BNT (BaNd2Ti4O12) is selected in this study. Figure 2 shows the XRD pattern of BNT powder calcined at 1270℃ and the calcined BNT powder is a tungsten bronze structure (JCPDS-44061) [17, 18] . Its lattice constant was calculated as a= 23.86, b= 12.96, and c= 4.05. Similar observations were reported in Epoxy/SiO2 composites [19] . It is observed that tanδ of the second ball milled BNT filled composites is higher than that of the first ball milled BNT filled composites, which is thought to be related with the increased relaxation due to more space charge and/or the lattice strain associated with the reduction in particle size of the second ball milled BNT. Nisa et al. obtained the same result as described above that tanδ of the PEEK-nanosized SrTiO3 composites is higher than that of the PEEK-microsized SrTiO3 composites [15] .
Microstrucures of BNT-LCP composites
In order to understand the physical mechanism controlling the dielectric constant of a heterogeneous system the experimental dielectric constant were compared with values predicted using modified
Lichtenecker's equation (1) [20] as shown in Figure   5 (a). The calculated value show s relatively better 
